and kaempferol 4'-methyl ether 3-O-β-D-xylopyranoside, along with other known flavonoids and phenolic derivatives, were isolated from the leaves of Vernonia ferruginea Less. Their structures were established on the basis of detailed spectral analysis.
The genus Vernonia (Asteraceae) comprises tropical and sub-tropical species widespread through both hemispheres [1] . Previous phytochemical studies on this genus led to the isolation and characterization of flavonoids, steroidal glycosides, and sesquiterpenes [2] [3] [4] [5] . In our continuing studies on the chemistry of Vernonia, we selected V. ferruginea Less. a species native to Bolivia, where it is used traditionally for the preparation of anti-inflammatory remedies.
The aim of our work was a phytochemical investigation of the aerial parts of the species and herein we report the isolation and structural characterization of four new flavonoid glycosides, obtained from the methanol extract, on the basis of extensive spectroscopic and spectrometric analysis (1D-NMR, 2D-NMR, ESI-MS).
The negative-ion ESI-MS of 1 showed a pseudomolecular ion peak at m/z: 595 [M-H] -, together with ion fragments at m/z 463 [M-H-132]and 301 [M-H-132-162] -. These data, the elemental analysis, the 13 C NMR spectrum (Table 1) showing a total of 26 signals, and the DEPT data indicated that 1 had the molecular formula C 26 H 28 O 16 . Analysis of its NMR spectra suggested a flavonoid skeleton.
The 1 H NMR spectrum (Table 1 ) indicated a 5,7dihydroxylated pattern for ring A (two meta-coupled doublets at δ 6.25 and 6.44, J = 2.0 Hz) and a 3',4'dihydroxylation pattern for ring B (ABX system signals at δ 6.91, d, J = 7.8 Hz; 7.68, dd, J = 7.8, 1.8 Hz; 7.78, d, J = 1.8 Hz), allowing the aglycone to be identified as quercetin [4] . The 1 H NMR spectrum of 1 showed also signals ascribable to sugar moieties. Two anomeric protons arising from the sugar moieties appeared at δ 5.38 (1H, d, J = 8.0 Hz) and 4.80 (1H, d, J = 7.5 Hz), which correlated respectively with signals at δ 102.4, and 105.5 ppm in the HSQC spectrum. The network of all proton chemical shifts of the sugar residues was derived from a combination of 1D-TOCSY, DQF-COSY, HSQC, and HMBC experiments. The 13 C NMR spectroscopic data for the sugar moieties indicated that the monosaccharides were in pyranose forms. The chemical shifts, the multiplicity of the signals, the coupling constant and the magnitude in the 1 H NMR spectrum, as well as the 13 C NMR data, indicated the presence of one xylopyranosyl and one glucopyranosyl moiety with β-configuration at the anomeric carbon [5] . The configurations of the sugar units were assigned after hydrolysis of 1 with 1 N HCl. The hydrolyzate was trimethylsilated, and GC retention times of each sugar were compared with those of authentic samples prepared in the same manner. The lower field shift of the C-4'' (78.6 ppm) signal suggested the substitution pattern of the glycosyl moiety. Unequivocal information could be obtained from the 2D NMR spectra; the HMBC experiment indicated connections between δ 5.38 (H-1'') and 135.7 (C-3); δ 4.80 (H-1''') and 78.6 (C-4''). Thus, the structure of 1 was determined as quercetin
Compound 2 showed the molecular formula C 26 H 28 O 16 by negative-ion ESI-MS (m/z 595 [M-H] -), 13 C and 13 C DEPT NMR data, and the elemental analysis. The 1 H NMR spectrum of 2 (Table 1) had signals for the quercetin aglycone and sugar units. Comparison of NMR spectral data of 2 with those of compound 1 revealed that 2 differed from 1 in the sugar chain. The identity of the monosaccharides and the sequence of the oligosaccharide chain were determined by analysis of a combination of 1D-TOCSY, DQF-COSY, HSQC, and HMBC NMR spectra. The results of 1D-TOCSY combined with those of DQF-COSY and 13 C NMR experiments allowed us to identify the two sugar units as one β-Dglucopyranose (δ 5.42) and one β-D-apiofuranose (δ 5.36). The apiofuranosyl ring configuration was also confirmed by comparing 1 H-1 H scalar coupling constants with those reported for methyl apiofuranosides and DL-apioses and by NOE data [6] . The 2D NOESY spectrum of 1 contained cross peaks between H-2 and the protons of the hydroxymethyl group, and H-2 and H-4b, indicating that H-2, the hydroxymethyl group and H-4b are found on the same face of the ring for this sugar, thus confirming its structure as β-D-apiose. The absence of any glycosidation shift for the β-D-apiofuranosyl moiety as obtained from HSQC data suggested that this sugar was a terminal unit, while glycosidation shifts were observed for C-4 glc (78.2 ppm). A cross peak due to long-range correlation (HMBC) between C-3 (135.8 ppm) of the aglycone and H-1 glc (δ 5.42) indicated that glucose was the residue linked to C-3; a cross peak between C-4 glc (78.2 ppm) and H-1 api (δ 5.36) confirmed the sugar sequence. On the basis of all this evidence, compound 2 was identified as quercetin 3-O-β-D-apiofuranosyl-(1→4)-β-Dglucopyranoside.
Compound 3 had the molecular formula C 26 H 28 O 15 , as obtained from NMR (Table 3) and ESI-MS data (m/z 579 [M-H] -). Analysis of the NMR data of compound 3 (Table 2 ) and comparison with those of 2 showed that they possessed the same saccharide chain at C-3, while the compounds are based on different aglycons. The spectral data of compound 3 for the aglycon were typical of a kaempferol [7] . From these results, the structure of 3 was kaempferol 3-O-β-D-apiofuranosyl-(1→4)-β-D-glucopyranoside.
The molecular formula C 21 H 20 O 10 was assigned to compound 4 by the ESI-MS ([M-H]peak at m/z 431), the 13 C NMR, and the 13 C DEPT data. The 1 H NMR spectrum of 4 ( Table 2 ) was very similar to that of 3 except for exhibiting signals which could be ascribed to kaempferol [8] , and methoxyl moieties, along with those of one anomeric proton, which was identified with the help of DQF-COSY and 1D-TOCSY as one xylose (δ 5.35, J = 7.8 Hz). The configuration of the xylose unit was determined as reported for compound 1. The assignments of all 
Extraction and isolation:
The air-dried powdered leaves of V. ferruginea (170 g) were defatted with nhexane and extracted successively by exhaustive maceration (3 x 1 L, for 48 h) with CHCl 3 , CHCl 3 -MeOH 9:1, and MeOH. The extracts were concentrated under reduced pressure to afford 3.0, 1.8, and 5.5 g of dried residues, respectively. A portion of the MeOH extract (5 g) was partitioned between n-BuOH and H 2 O to give a n-BuOH soluble portion (1.8 g); this residue was chromatographed over a Sephadex LH-20 column (100 cm x 5 cm) with MeOH as the eluent. A total of 90 fractions were collected (10 mL each). These were combined according to TLC analysis [silica 60 F 254 gel-coated glass sheets with n-BuOH-AcOH-H 2 O (60:15:25) and CHCl 3 -MeOH-H 2 O (40:9:1)] to give 8 pooled fractions (A-H).
Fraction C (80 mg) was purified by RP-HPLC using MeOH-H 2 O (2:3) to give roseoside (12 mg, t R = 12 min) and 7,8-dihydro-6α-hydroxy-α-ionol 9-O-β-Dglucopyransiode (6 mg, t R = 16 min). Fraction E (100 mg) was purified by RP-HPLC using MeOH-H 2 O (2:3) to give dicaffeoyl quinic acid (18 mg, t R = 21 min) and tricaffeoyl quinic acid (20 mg, t R = 23 min). Fraction F (90 mg) was purified by RP-HPLC using MeOH-H 2 O (5.6:4.4) to give compounds 1 (11 mg, t R = 20 min), 4 (4 mg, t R = 34 min), and astragalin. Fraction G (110 mg) was purified by RP-HPLC using MeOH-H 2 O (1.2:1.3) to give compounds 1 (3 mg, t R = 20 min), 2 (7 mg, t R = 18.5 min), 3 (4.5 mg, t R = 22 min), and rutin (15 mg, t R = 16 min). Fraction I
